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Tricuspid regurgitation is most commonly a consequence of 
dilation of the tricuspid anulus and right ventricular enlarge- 
ment rather than of intrinsic tricuspid valve disease. As 
such, tricuspid regurgitation may coexist with a number of 
cardiac diseases that cause right ventricular hypertension 
due to pulmonary hypertension (e.g., mitral valve disease) or 
decreased right ventricular function (e.g., right ventricular 
infarction). A dilemma often confronts cardiologists and 
cardiovascular surgeons who must decide whether to repair 
or replace the tricuspid valve in the presence of apparently 
significant tricuspid regurgitation when the patient is primar- 
ily undergoing other reparative cardiac surgery. The degree 
of resolution of severe tricuspid regurgitation made possible 
by direct repair of the cause of pulmonary hypertension, 
such as mitral valve disease, is not always predictable-thus 
the frequent need for simultaneous repair of the tricuspid 
apparatus. Notwithstanding concern for leaving behind suf- 
ficient tricuspid regurgitation that a second operation would 
be needed later, the immediate postoperative well-being of 
the patient (starting with the ability to be weaned from 
cardiopulmonary bypass) is at issue. Techniques that could 
improve the precision with which this clinical conundrum is 
resolved are the object of the report of Chopra et al. (1) in 
this issue of the Journal. 
Color flow imaging. The seductive appeal of color flow 
imaging stems from its visual impact. Given the complexities 
that actually determine the flow velocities visualized for any 
given regurgitant lesion, it is satisfying that color flow 
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imaging does indeed have a reasonably good relation to 
angiographic severity of valvular regurgitation (2-7). Though 
the technique is only semiquantitative, the maximal area of 
the jet can be imaged from multiple planes, thereby allowing 
the experienced observer a three-dimensional concept of the 
direction, location, size and number of regurgitant jets. It 
must be remembered, however, that we are seeing velocity 
flow rather than volume JEoM?; therefore, we are not truly 
imaging the regurgitant volume. We are reminded that errors 
in recording these velocities may result in underestimation of 
the true jet area because of low gain or high filter settings 
that miss lower velocities or because of signal attenuation 
due to the angle or distance of the jet from the transducer; 
conversely, the jet area may appear larger than the true 
degree of regurgitation because of excessive gain or a 
phenomenon called “entrainment” which is essentially a 
“billiard ball” effect of the regurgitant jet on nonregurgitant 
blood already in the receiving chamber (67). Among pa- 
tients and institutions, differences in instruments, transducer 
frequencies and color-coding algorithms may make precise 
application of any given “number” for jet area or jet area to 
chamber area ratio less reproducible. Ultimately, the direct 
computer evaluation of the actual information contained 
within the color flow map-namely, kinetic energy-may 
enhance our assessment of regurgitation (8). 
Contrast ventriculography. Not to be forgotten is that 
angiography is an imperfect reference standard. Though it 
does reveal regurgitant flow, it is only semiquantitative 
because it is the summation of the regurgitation over several 
beats. That it does not suffer from the “entrainment” 
phenomenon in contrast to color flow imaging has been 
noted (6). Nonetheless, the contrast angiogram has not yet 
been proved to be better than color flow imaging when 
compared with other methods (each in themselves flawed) 
that attempt to more directly assess regurgitant volume. The 
variability of observer interpretation, differences in catheter 
position and volume and rate of injection of contrast me- 
dium, plus differences in volume and compliance of the 
receiving chamber, leave us feeling fortunate that this inva- 
sive technique has, in fact, had general clinical relevance. 
These considerations are compounded by the variations in 
forward stroke volume and contractility of the ventricles, the 
rate of venous inflow and possible effects from other regur- 
gitant lesions (e.g., unopacified blood from aortic or pulmo- 
nary regurgitation may dilute the contrast density in the left 
or the right ventricle in mitral or tricuspid regurgitation, 
respectively, thereby changing progressively the density of 
the contrast entering the atrium). Finally, though contrast 
ventriculography is a reasonable clinical standard for assess- 
ing mitral regurgitation, it is less reasonable for tricuspid 
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regurgitation because the presence of the catheter through 
the tricuspid valve begets regurgitation. 
Doppler hemodynamics. Though not discussed in the 
study by Chopra et al. (1) other hemodynamic information 
should also be gathered by echocardiography and Doppler 
studies to confirm the impression of the severity of tricuspid 
regurgitation obtained from the color flow images. Continu- 
ous wave and pulsed Doppler and color M-mode imaging 
may provide complementary information regarding right 
heart hemodynamics that may shed light on the severity of 
tricuspid regurgitation and residual right ventricular function 
and compliance. The color flow image can be used to direct 
a continuous wave Doppler beam through the jet vector to 
obtain peak velocity (for prediction of pulmonary and right 
ventricular systolic pressure) and to determine the profile of 
the jet. If the profile peaks early with a rapid decline in the 
late velocities, a large right atria1 V wave is likely. The rate 
of velocity rise of the systolic jet (dV/dt) relates to the rate of 
right ventricular pressure rise (dP/dt), an index of contrac- 
tility. We may find that tricuspid regurgitation occurs in 
diastole except at the time of atria1 contraction, whereby we 
can infer that the diastolic pressure in the right ventricle is 
significantly elevated. Color flow imaging of hepatic venous 
and caval flow may reveal significant systolic or presystolic 
reversals suggesting significant tricuspid regurgitation or 
abnormal right ventricular compliance, respectively. Pulsed 
Doppler or color M-mode imaging of the hepatic vein flow 
pattern can confirm the timing of these flows; pulsed Doppler 
recording better reveals the actual velocities of these flow 
patterns. 
Tricuspid anulus size and function. That tricuspid regur- 
gitation is often a function of a dilated anulus in conjunction 
with decreased systolic reduction in annular size has been 
noted to be due to failure of coaptation of the tricuspid 
leaflets. Because tricuspid regurgitation increases right ven- 
tricular volume overload, the results may be cyclical; regur- 
gitation further enlarges the right ventricle, the anulus dilates 
further and regurgitation further increases. The tricuspid 
anulus dimensions and systolic annular function can be 
measured by echocardiography and have a relation to the 
need for tricuspid valve repair; thus it is logical to have 
included them in the current study (1,9,10). 
The current study. The study by Chopra et al. (1) implies 
that two-dimensional echocardiography and Doppler color 
flow mapping can identify the need for tricuspid valve repair 
with a reasonable degree of accuracy. The authors focus on 
the important concept that the most predictive finding by 
two-dimensional echocardiography is the enlarged tricuspid 
anulus with decreased sphincteric function. This is as we 
would have predicted, but the authors proceed to provide 
practical numerical values that allow reasonable separation 
of those patients who will and will not undergo tricuspid 
annuloplasty. Second, though possibly equally important in 
application, is their view that color flow imaging can also 
identify those patients who require valvuloplasty by assess- 
ing the severity of tricuspid regurgitation using the maximal 
tricuspid regurgitant jet area and its relation to the right atria1 
size. For patients likely to undergo tricuspid valve repair, a 
maximal tricuspid regurgitant jet area to right atria1 area ratio 
>33% provided a sensitivity of 96% and a specificity of 95%; 
the tricuspid anulus parameters of a diastolic size >21 
mm/m2 and ~25% systolic reduction had a sensitivity of 88% 
to 90% and specificity of 94% to 100%. Less helpful was the 
right ventricular ejection fraction or the presence of pulmo- 
nary hypertension. The reference standard of Chopra et al. 
was the surgeon’s direct palpation of the severity of tricuspid 
regurgitation at the time of surgery in conjunction with an 
estimation of right atria1 and ventricular sizes, a time- 
honored but inadequately tested method. There are no 
numbers one can assign to this and the intersurgeon variabil- 
ity is not clear. However subjective, this is the “real world” 
surgical standard and it generally seems to work. 
Accordingly, these parameters can now be applied with 
reasonable confidence to predict the need for tricuspid valve 
repair. Given the good correlation of the tricuspid anulus 
data (two-dimensional echocardiography) with the severity 
of tricuspid regurgitation (color flow imaging), using the 
easiest of the two methods may be all that is required. 
However, because they appear complementary, both should 
be applied until further data emerge. Not to be lost in all of 
this is that the correct application of both techniques re- 
quires considerable clinical and technical expertise with 
attention to detail. Undoubtedly, the passage of time will 
refine the numbers reported. Further verification of these 
findings-by intraoperative epicardial and transesophageal 
echocardiographic and color flow imaging assessment of the 
tricuspid regurgitation before and after the repair-is 
needed. 
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